Abstract
INTRODUCTION
Plant exudates and organ extracts often contain amino acids (AA) and ions as solutes [1] . Certain amino acids and ionic contents of plant are known to influence pharmacological activity. Amino acids are required for adequate collagen synthesis which is fundamental for wound healing, and collagen synthesis depends on the local availability of amino acid pool found in the organism [2] . Healing of dermal lesions require synthesis of newly formed collagen at different times.
Antioxidants, such as polyphenols are secondary metabolites; they are ubiquitous in plants and therefore abundant in human diet. They have been shown to exert beneficial influence on human health [3] . Most phenolic compounds are potent antioxidants, and epidemiological studies have suggested a direct correlation between their high intake in diet and reduced risk of coronary heart disease and mortality by suppressing the oxidation of low-density lipoprotein [4] . Freeradical-mediated cell injury and lipid peroxidation in various pathological phenomena have been reported [5] .
Trace quantities of certain elements such as copper, zinc, cobalt and others may play an important role in the functioning of various enzymes present in biological systems [6] . Physiological active substances (PAS) and elements accumulated at high doses by medicinal plants potentiate the effects of each other and this, in turn, enhances their pharmacological activities [7] . 
Extraction, fractionation and HPLC analysis
The procedure for gradient solvent extraction described in a previous article [16] and fractionation method described by Nwidu et al [13] were adopted. The powdered leaf was macerated and subjected to gradient solvent extraction with n-hexane, chloroform, ethyl acetate and ethanol for 72 h to obtain their respective fractions. The volume of the liquid extract was reduced in a rotary evaporator as described previously [16] . Fractionation was carried out by thin layer chromatography using (silica gel plates on glass, 20 × 20 cm × 0.25 mm, Fluka) eluted with: CHCl 3 /MeOH/ H 2 O (43:37:20, v/v/v) O (310:380:60:250, v/v/v/) . An aliquot (4.0 g) of the ethyl acetate fraction (EAF) was dissolved in 10 ml methanol and centrifuged at 2,500 g for 15 min. This procedure was performed three times. The supernatant was filtered and submitted to gel permeation chromatography using Sephadex LH-20 (Pharmacia) in a glass column (700 × 35 mm, i.d.) and methanol (98.98 %) as described previously [13] .
Quantification of amino acids
Amino acid determination was carried out before and after hydrolysis of the extract. The extract (5 mg) was added to a mixture containing 6 mol L -1 of HCl (1 ml) and 5 % phenol/water (0.08 ml) and heated in a Pyrex tube with plastic Teflon-coated screw caps (13 × 1 cm) for 72 h at 110 ˚C to ensure complete hydrolysis of the peptide bonds. The hydrolysed sample (5 mg) was dried in an oven at 70 ˚C, diluted with 1.0 ml of sodium citrate buffer pH 2.2 and filtered through a GV Millex Unity filter (Millipore). Analysis for amino acids was performed by cation-exchange chromatography using an automated amino acid analyser, Shimadzu LC-10A/C47A. Sodium was used as eluents and post-column derivatisation achieved with o-phthaldialdehyde (OPA). Identification and quantification of the amino acids were carried out by comparison of retention time and area obtained by each amino acid with 16 amino acid standards (100 nmoL -1 ), respectively. The results were expressed in µM/ml extract/fraction.
Antioxidant activity with DPPH
Antioxidant potential was evaluated spectrophotometrically. A solution of 0.004 % DPPH in methanol (99.8 %) was prepared. A stock solution of the extract was prepared from 2.5 mg of the extract in 1ml of 20 % Tween 80 and added to 9 mL methanol to give a stock solution of 250 g/ml. A range of dilutions were made by adjusting 0.1, 0.2, 0.4, 0.8, 1.6 and 3.2 mL of this stock solution to 5 ml in a volumetric flask to give stock solutions with concentrations of 5, 10, 20, 40, 80 and 160 µg/ml, respectively. One ml of each concentration of extract was added 2.0 mL of DPPH solution in a test tube and allowed to react for 30 min prior to spectrophotmetric (Hach Spectrophotometer, Japan) determination at 517 nm. The reference solution was prepared by dissolving 4 mg of DPPH in 20 mL of 20 % Tween 80 which was then made up to 200 mL. Reduction of DPPH radical was determined at 517 nm using the method of Abe et al [16] . Inhibition of the DPPH radical (RSC) by the samples was calculated as in Eq 1. RSC = {(Ac -Ax)/Ac} x 100 …………… (1) where Ac is absorbance of the control and Ax is absorbance of the sample after 30 min of incubation. The values obtained were plotted on a graph of % change in absorbance versus concentration of samples.
Elemental analysis of the plant leaf
The extract (1 g) was digested by repeated treatment with boiling hydrochloric acid:nitric acid mixture (3:1) [17] . The solution was evaporated to dryness, the residue extracted with dilute hydrochloric acid and then filtered. The filtrate was air-dried and the residue analysed for K, Na, Ca, Zn and other elements by inductively coupled argonplasma emission spectrometry on a Thermo Jarell Ash model "Trace Analyzer" (TJA Solution, Franklin, USA) with axial plasma. Generalized shifts in background emission were determined at off-peak wavelength positions, and deducted from simultaneous measurements of intensities at on-peak wavelength for each element. Sample and standard solution matrices were matched.
Determination of ionic content of plant leaf
This determination was carried out by potentiometric titration. The pH meter (Brinkmann 632, Switzerland) was standardized by standard buffer solutions and a calibration curve drawn. For the assessment of anions, this was carried out in triplicate.
Approximately 0.2 -0.3 g of the powdered leaf was soaked in 10 ml of water for 1 h and then filtered; the filtrate was made up to volume in a 50 ml volumetric flask. An analytical curve was prepared from the stock solution by successive dilution to give a range of concentrations (1×10 -2 -1×10 -4 moL -1
). The various ions were estimated by plotting log concentration ion against the potential difference (E, mV).
RESULTS

Amino acid composition
The amino acid composition of the different fractions of CLL -ethanol, ethyl acetate extract and ethanol, ethyl acetate, chloroform and n-hexane -are shown in Table 1 . All the fractions contain essential amino acids. A high level of proline, alanine, serine, valine, glycine, glutamate and lysine was observed in the ethanol fraction while ethyl acetate fraction contained higher levels of lysine, phenyl alanine, glycine and serine than the other fractions.
Antioxidant activity
The antioxidant activity of the CLL fractions are shown in Table 2 . The results show minimal radical scavenging activity of all fractions of CLL when compared to standard compounds.
Elemental and anion profile of extract
The results of the analysis of the plant leaf (Table 3) show that it contains significant amounts of cations which ranged from 0.01 ± 0.003 mg/g (for copper) to 2.12 ± 0.05 (for potassium). Heavy metal ion content (lead and mercury) were < 0.004.
Anion contents of the plant leaf are shown in 
DISCUSSION
Determination of amino acid constituents of the leaf fractions revealed that it has both essential and non-essential amino acids with ethanol fraction having the highest amount of protein per gram. Investigation of the effects of a new wound dressing called vulnamins that contains four essential amino acids (glycine, L-lysine, L-proline and L-leucine) for collagen and elastin synthesis in aged rats has been reported to induce wound closure and tissue regeneration [2] . Cassino and Ricci [19] showed that vulnamins induces rapid tissue regeneration and wound closure in chronic human skin lesions of various etiologies, and concluded that topical treatment may open a new frontier in the treatment of patients with chronic ulcers.
The amino acid profile of the various fractions of CLL indicates the presence, in varying proportions, of these four essential amino acids -glycine, L-lysine, L-proline and Lleucine. Arginine, glutamine and proline are the immediate precursors for polyamine synthesis, which is essential to proliferation, differentiation and repair of intestinal epithelial cells [20] . This may account for the gastroprotective and antiulcer effects of CLL [9, 12] . Glutamate, glycine and cysteine are precursors for the synthesis of glutathione, a tripeptide critical for defending the intestinal mucosa against toxic and peroxidative damage [20] which may play a role in the moderate acute, subacute and subchronic toxicity profile of CLL [21] . The fractions investigated were reported as effective antiulcer agents [9, 12 ] . The same amino acids, which were also present in the fractions in our study, may exert antinociceptive effect as reported in a previous work [13] . Besides, its poor antihelicobacter activity [15] can be attributed to the ability of H. pylori to grow by utilizing amino acids as biosynthetic precursors [22] .
Antioxidant activity (%)
Fraction 5 µg/mL 10 µg/mL 20 µg/mL 40 µg/mL 80 µg/mL 160 µg/mL n-HF 3.7 % 6.0 % 5.9 % 5.7 % 6.0 % 7. Soluble mineral salts widely used medicines contain microelements. However, these compounds are characterized by low assimilability after peroral administration (not more than 3 -10 %). Therapeutic doses of soluble mineral salts are ten times higher than their biotic concentrations, which can lead to overdosing and delayed side effects associated with individual differences in the assimilability of individual elements or groups of elements. The use of medicinal plants as the source of microelements aids to prevent these adverse consequences [7] .
CONCLUSION
This study shows that the leaf extract of Carpolobia lutea is a natural source of ingredients that could aid the management of gastric ulcers, hemorrhoid, wound healing and diarrhea. This work gives some credence to some of the ethnomedicinal uses of the plant. The pharmacological evaluation of the wound-healing potential of this plant is ongoing in our laboratory. da Silva (Organic Chemistry Dept, UNESP) provided technical assistance with antioxidant assay while Prof Jose Anchieta and Mr. Ricardo Moutinho (both of Analytical Chemistry Dept, UNESP) assisted in the determination of ionic profile of the plant material.
